Stimulation of calcium uptake in platelet membrane vesicles by adenosine 3',5'-cyclic monophosphate and protein kinase.
The events involved in platelet shape change, aggregation, the release reaction and contraction are thought to be mediated by the availability of Ca2+. Increased cytoplasmic calcium, released from intracellular stores, triggers platelet activity, and increased concentration of adenosine 3',5'-cyclic monophosphate (cyclic AMP) inhibits platelet alterations. We have studied the hypothesis that cyclic AMP may regulate the level of platelet cytoplasmic calcium by stimulating calcium removal by a membrane system. Such a hypothesis would be consistent with the reversibility of most manifestations of platelet activation. Human platelets were sonicated and unlysed platelets, mitochondria and granules were removed by centrifugation at 19 000 X g. Electron microscopy shows that the sediment, after centrifugation of the supernatant at 40 000 X g consists to a large extent of membrane vesicles. Such preparations actively concentrate calcium, as measured by the uptake of 45Ca, and also have the maximal calcium-stimulated ATPase activity. Optimal calcium uptake requires ATP and oxalate, and release of calcium from loaded vesicles was stimulated by the calcium ionophore A23187 and inhibited by LaCl3. These data indicate that calcium was being actively concentrated within membrane vesicles. After washing of such preparations in the absence of ATP, their capacity to take up Ca2+ is reduced to an initial value of 2.8 nmol/mg protein per min. In the presence of 2 - 10(6) M cyclic AMP to which was added a protein kinase preparation from human platelets, up to a 3-fold increase of this rate of uptake was observed. These results suggest that in platelets, as in muscle, cyclic AMP is a regulatory factor in the control of cytoplasmic calcium. Although the cyclic nucleotide may have still other functions, it appears likely that the well-known inhibition of many platelet activities by high intracellular cyclic AMP concentrations is directly linked to the stimulation of the removal of Ca2+ from the cytoplasm.